T OTAL anomalous pulmonary venous return has been classified into four types: cardiac, supracardiae, infracardiae, and mixed, depending on the route by which blood is conveyed by the anomalous vein to the riaht side of the heart.' A simplified classification has recently been suggested based on the known physiologic effect of infradiaphragmatic drainage, namely pulmonary venous obstruction.2 O1 this basis only two types of drainaage are given, the supradiaphragmatic, without obstruction, and the infradiaphragmatic with obstruction. The association of obstruction with infradiaphragmatic drainage appears to be constant, as pulmonary veins entering below the diaphragm join either the ductus veniosus or portal vein, and in both cases the venous blood will meet hiindrance to flow.
The statement has been made that total anomalous pulmonary drainage below the diaphragm forms a distilnct clinical entity3 with characteristic x-ray filndings.4 Although all instances of infradiaphragmatic drainage have been associated with pulmonary vein obstruction, there may also be obstruction in some patients belonging to other groups. We have recently seen two patienlts who presented with symptoms of such obstruction and were found at autopsy to have stenosis of an anomalous vein at the supracardiae level. The infant was born to a 28-year-old, gravida II, para I, woman after an uncomplicated fullterm pregnancy. At birth he was eyanotic, and chest x-rays taken within the first 2 days showed bilateral pneumothorax. Chest tubes were inserted and later chest filmns showed expanded lungs. The infant could not tolerate oral feedings and vomited brownish mueoid material several times before admiiission.
Physical examination showed a well-developed infant who was eyanotic and had substernal retractions. His breath sounds were poor, and rhonehi were hleard throughout both lung fields. The heart rate was 120 per mlinute and regular. A grade-II, low-pitched systolic murnmur was best heard at the apex with the infant lying on his back. The pulmiionic second sound was louder than the aortic second sound. The liver was 2.5 to 3.0 cm. below the right costal nmargin; the spleen was not palpable. The remainder of the physical examination was normiial.
Chest x-rays ( fig. 1 ) taken on the third and fourth days of life in lateral and frontal projections revealed a partial pneumiiothorax on the right side. A thoracostomy tube was present on the left and the left lung appeared expanded. The heart was of normal size. Each lung showed severe reticular densities suggesting a marked degree of pullmlonary vascular congestion with pulmiionary edema. A filmii taken 24 hours later, revealed reexpansion of the right lung. The appearance of marked pulmonary venous congestion was again noted.
An electrocardiogram consisting of six extremity leads and three precordial leads (Vl, V2, and V3) was obtained on the fourth day of life. There were normiial sinus rhythm, rate 125, a P-R interval of 0.12 second, and right axis deviation. The P wave in lead II measured 1 mm. The right precordial leads showed tall R waves, and smlall S waves associated with upright T waves. The electrocardiogram was considered within normal limilits for the age of the patient. The upright T waves were equivocal evidence of abnormality. Respiratory distress and eyanosis continued. Grin., and miieasured 46 ciii. in length. The lips and nailbeds were ecanotie. There wvas no peripherali edemiia or effusion inito the body cavities.
The heart was nornmally shaped and nlot enlarged; it weighed approximately 13 Gmil. The right ventricle formiied twvo tlirds of the anterior surface of the heart and the apex was made up of both right and left ventricles. The riglht atrium and ventricle were dilated and hypertrophied, and haid a capacity thlree or four timiies that of the left heart. The rioht atrium received the dilated superior vena eava, the inferior vena eclva, and the coronary sinus. The foraimien ovale nieasured 1.0 enii., the septumn priinmuini was absent. The right ventricle mueasured 3 mmi. in thickness near Circulation, Volume XXV, February 1962 the septuml jiosteriorly. The tricuspid and pulimionarv N mlxves were normal and measured 3.6 ei. aind 2.1 emii. respectivelv. No pulmonliary veins entered the small left aitrium. The mitral and nliortic valves meaisured 2.7 cm. and 1.2 cmii. in circumference respectively. The ductus arteriosus wa,s patent and measured 1.1 cimi. in circumference. The pulmonary veinis joined posterior to the. periaerdium to formn a commiiiion pulmonary vein (fir. 2). From] the left superior aspect of this colmmiiion elamnber an anomalous vein arose and p(assed superiorly; it meaisured :1.1 em. in circumifer-eniee. One-lhalf centimiieter fromii its origin, the veinl passed posterior to the left pulmonary a-rtery, between it and the left imain stemii bronclhus. At this poinit there wvas mnarked ntarrowingof its lumiien to a (irueilnferenee of 0.3 cm. The vein continued anteriorly and then upward as a persistent left suiperior-vena eava, and joined the left siibelaivialn and internl,1 jugulir vein-s to formii tlhe innominate vein. Between the point of constriction and the entrance into the innomninate vein there was an aneurysimail dilatation of the vessel that mensured 1.2 cmii. in circumiiference.
The commiiion pulmonary chamiiber fromi-i which the anoma,flous veillnarose haid a saccuIar dilatation oni its superior surface meaisuring 0.8 by 0.7 ciii.; this enlded blindlly oan the posterior wall of the left atriuml within 2 mm. of the atrial septum and 8 mm. above the coron-arv sinus.
The lungs showed congvestion, patchy ateleetfasis, interstitial em physem a, ad proiliinent, dilated, blood-filled lymuphatics in the interlobular septal. The liver, kidneys, and spleen were also cong,ested. A reeent tlrombus lay in a leptomeningeal artery, and there were foci of enceplialonmalacia in the left parietal and occipital lobes.
Anatomic diagnoses: Total anomalous pultroo- The infant was born to a 36-year-old, gravida IV, para III, woman whose pregnancy was uneomplicated. There was a history of exposuire to Rubella in the first trimester. Although the infant aippeared vigorous and nornnal at birth, 6 to S hours later she developed tachypnea.
On admnission she was well developed and well tnour-ished and had generalized moderate eyarnosis.
The pulse was 140 per minute and the respirations were 44 Iper minute with mild substernal retra e tions. A grade-TIT systolic murmur was heard along the left sternal border, loudest in the fourth left interspace without significant radiation. The second pulimonic sound was louder than the seconTd ;3oaetie sound. The liver was palpa,ble 3 to 4 eim. helow the right costal Ynargin, and t'he tip of the s-;pleen was Just felt. On the second hospital day (age 6 davs) the infant was considered to be in congestive failure. and di-italis was administered. That evening the infant wgas noted to tire during feedings. The following dav she had an acute episode of cyanosis, restlessnless, and sweating during a, feeding. Penicillin therapy was begun. The infant appeared to be doing well until the fifth hospital da-y when the liver increased in size, pretibial edemra developed, and the respiratory rate rose to 102 per minute. She died suddenly the same afternoon at the age of 9 days. The clinical diagnosis was eongenital heart disease, cyanotic, probably total anomalous pulmonary return below the diaphragm.
Postmortem examination: The infa,nt weighed 3,540 Gmn. and measured 47 cm. in length. The lips and fingertips were cyanotic, and there was greneralized sulbeutaneous edema. The right pleural cavity contained 15 ml. and the left 30 ml. of serosanguineous fluid. The mesentery and retroperitoneal tissues were edematous, and the peritoneal cavity contained 15 il. of free serous fluid.
The heart was. normal in contour an-d weighed 20 Gm. Approximately 75 per cent of the anterior surface was oceupied by the rioht ventricle, and the ap:ex consisted of both right and left ven-Circulation. Volume XXV, Februoary 1.962 Figure 4 Cas,>e 2. Elrctroard(ioqrmnfse teitt' or descr)iption). Standaird a(1d Ii./)il(or limb} lhad6 ait full Ptf?ddtl i.11 atin it 1 'cordial ta(ds at h(itlf statlardi at iton. trieles. Thie riht atriumi and ventriele were hvperItrophied and dilated, whereas the left atriuiim anld ventriele were hypoplastic. The left heart wasl estimnated to have less than 25 per eent of the volum-e o)f the right heart. The greatly dilated rioght atriumii received the superior and inferior venaew .vtteaxa and the coronary sinus. The superior vent,a ca.av ws dilated and had an unusually wide orifice. Thef, foranen ovale was partially covered bv the septumi prinium but admitted a probe of 1.2 niii. in diamneter. Both the trahecular museles and the crista supraventricularis were hyper tropti(ed. The triciispid a-nd pulmon(ary valves were niormttal a-ind miieasured 4.5 ciii. and 2.3 em. respeetively. No plnihonar y veins entered the left atrium. The mitral and aortic valves were normal and inieasured 3.5 cimi. and 1.5 cen). respectively. The duetu,s arteriosus was patent .and had a3 vireuniferenee of 0.6 en.
The puilnonattry veins fromii eaceh lung joined poster-ior to the perica ,rdium to formi a coniniiuon pulmionary vein (fig. 5 ). A large veit arose from the left siuperior wall of this ehaiber and almost inmediately gave off a simall br-anch to be described later. The main anomalous vein imeasured 1.0 eni. in eircumlference ait its origin. Six millimeters distal to its origin it passed between the Circulation. Volume XXV. February 1962 Svc Figure 5 Cacse 2. Left. Anteriior r-iewv of the great vessels. The main anomialous pulmonary vein with its aneurysman(l dilatation is shoicn. In addition, a smaller anomalous wein courses d(iagoitally fromt tfhe common pzulm)ionar-y rein to the ri.ght superior r ena ccra. Right. View of the specimen from the left side showvs the ma,r/ed narrow-ing of tihe anomalous pulmonary rein as it passes betwv-een the left pulmonary artery and left main stem bronchus. left pulmonary artery arid the left imain steini bronchus and was narrowed to 3 miii. in circumference at this point. It theni passed upward to join the innominate vein. Between its emergence fr om behind the pulmonairy artery and its entrance into the innoniinate vein, there was an aneurysmal dilatation of the vessel that branch giiven off the miain anomatilous veinl near its ori-ign leasnre(l 2 mi. in eircumilference atnd passed diagonally upward and posterior to the pulmionary artery and aseending aorta to empty into the superior vena cava below the enitrance of the innomiinate vein and at the level of the orifice of the azygos.
The lulngs were strikingly congested and nianv lobules were outlined by large dilated lyvinplaitcs contaiining blood. Microscopically the interlobular veins as well as lymiphatics were congested and alveolar walls were tlhickened beeause of edema-i iand capillary engorgeinent. The liver, spleen, kidnexvs, and gnstrointestinal tract were congested. NO othier alformiations or other signifieant changes were presenit.
A postmiiortemii angiogram is shlown in figure  6 . A clamip has been placed on tlh-e innomiinate vein and the left jugular and left subelviatn veiins have been tied. A needle is inserted into the aneurysinial dilatation of the persistent left superior v-ena cava and contrast mnaterial injected. This has outlined the dilatation, the constricted segment, and the pulmonary veins. Tn addition.
Figure 7
Schchma of left side of a wx' reconstruction oa a 4.ni'mm. cat embryo from Brown.9 Columbiai collection no. 131 X 200. The le ft cornu of the sinuls cenosus together with the strtuctures entering it, has been remi7oved. (2) . Foregut. (2a). Lung bin?. (4) . Lef:t ])sterio r a ((rii al veit. (6) . Le ft anterior cardin?al rein. (8) . Left duct of Cuci,er. Pulnonary rein. (12) . Comimunications between sp,lanchnic plexus aiid onterior cardinal vein. the accessory anomalous vein leading from the miain anomalous trunk is seen. Through it, the contrast miiedia has spread to the right superior venla cava, azygos vein, rig-ht atriumn and portal systell.
Anatomnic diag,i-noses: Total anomalous pulmiionary venous r-eturn, supl)aeardiae, via two routes: A.
Anomalous vein losterior to left pulmonary artery, leading to left superior vena eava and left inniomiiinate vein; B. Accessorv anomnalous vein leaqding fromt "A" to the :righlit superior vena eava; stenosis of anomalous vein "A," localized, between left pulmionary artery and left mnain stemli bronchus; poststenlotic dilatation of left superior vena cava; patent forainien ovale; patent ductus arteriosus; congestion and edemia of lung,s; cong-estion of abdominial viscera;
lansareca. Discussion
IIarris, Neuhauser, and GiedionR4 mentioned tw-o patients in their group who, by clinical aid x-ray signs, were thought to have infra-diaphAragnioatie drainage, but at autopsy were Circulation, Volume XXV, February 1962 :380) ANOMALOUS PULMONARY VENOUS RETURN found to have supracardiae drainage. Since the complete autopsy findings were not given, it is nlot clear whether there was stenosis in the supracardiac circuit as in our cases.
Only one case similar to ours has been found in the literature.5 Didion (case 2) described a 4-month-old boy who had dyspnea beg,inning in the third week of life. He developed eyanosis on slight provocation and died suddenly with bronchopneumonia. On postmortem examination, a common pulmonary vein 3.2 cm. in circumference was seen to pass between the left pulmonary artery and the left main-stem bronehus. Distal to this, it entered a saccular dilatation that joined the innominate vein. No other anomalies of the heart or vessels were described.
Appreciation of the existence of a group of cases with obstruction at the supracardiac level, has led us to review the literature in search of anatomic variants that occur in pulmonary venous return via the persistent left superior vena eava.
Illustrations from specimens usually show the left superior vena cava anterior to the left pulmonary artery. Occasionally, a diagrammatic sketch6 or a reconstruction from an angiocardiogram indicates the vein posterior to the left pulmonary artery.7 8 Thouh the latter arrangement may prove to be more common than is now apparent, in the great majority of cases the anomalous vein lies anterior to the left pulmonary artery.
An explanation for the common anterior position of the persistent left superior vena cava is given by the embryologic origin of the veins. Figyure 7 shows the embryologic relationships of the splanchnic plexus, cardinal and common pulmonary veins.9 The forerunner of the left superior vena cava, the left anterior cardinal vein, is always anterior to the left pulmonary artery while only the veins of the splanchnic plexus are posterior to it. Consequently, we believe that a true persistent left superior vena eava is always anterior to the left pulmonary artery. In our cases, the proximal part of the anomalous channel was probably derived from the primitive esophageal plexus and not the anterior car-Circulation, Volume -XXV; February 1962 dinal vein. The point of stenosis, where the left pulmonary artery crosses the anomalous veini, represents the point of communication between the channel derived from the splanchnic plexus and the cephalic portion of the left anterior cardinal vein ( fig. 7 ). Thereafter, the anomalous vein assumes an anterior position as a persistent left superior vena cava.
An additional point of interest is the presence, in case 1, of a dilatation of the common pulmonary vein that is attached by a cord to the left atrium in the area of the embryologic site of budding of the atrial component of the common pulmonary vein. Occlusion of the vein at its exit from the atrial wall at an early stage of development may be inferred.
Summary
Two patients who died during the neonatal period with congestive heart failure and marked pulmonary congestion were found at autopsy to have total anomalous pulmonary venous return of the supracardiac type with stenosis of the pulmonary vein. The narrowing was the result of an unusual course of the vein, which passed between the left pulmonary artery and left main bronchus and was stenosed at this point. It is emphasized that the clinical and x-ray findings were indistinguishable from those of total anomalous pulmonary drainage below the diaphragm.
